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Introduction
Chagas disease or American trypanosomiasis is caused by the protozoan Trypanosoma cruzi (Chagas, 1909) and transmitted to humans by a group of hemipteran insects belonging to the family Reduviidae, subfamily Triatominae [1] . The main mode of transmission in endemic areas is vectorial, by domestic, peridomestic, or sylvatic triatomines. The disease can also be transmitted by the congenital and oral routes, blood transfusion, organ transplantation, and laboratory accidents [2] . Currently, Chagas disease is considered a serious health problem in Latin America, with 9-10 million people infected [3] . It extends from the southern United States to southern Argentina and Chile [4] , although it has been shown [5] that migration from endemic American countries to nonendemic countries makes Chagas disease a global health problem.
In 1984, it was estimated that over 100 million people in Latin America were at risk and that 24 million were already infected with T. cruzi [6] . Great progress has been made in its prevention and control in Latin America since the 90 s. Transmission has been interrupted in territories of the Southern Cone, Central American, Andean, and Amazonian Intergovernmental Initiatives led by the Pan American Health Organization (PAHO) [3] . These initiatives have led to substantial reductions in vectorial and transfusional transmission, decreasing the number of infected people from 16-18 million in the 90 s to 9-10 million currently [2, 4] . These advances and the interruption of T. cruzi transmission in many endemic countries have been possible because of the strong commitment of the endemic Member States, the strength of their national research and control organizations, and the support from many international partners [4] , including Japan International Cooperation Agency (JICA), Canadian International Development Agency (CIDA), European Community-Seventh Framework Programme (EC-FP7), European Community-Latin American Network for Research on the Biology and Control of Triatominae (ECLAT), World Vision (WV), CARE International (CI), Médecins Sans Frontières (MSF), and the Special Programme for Research and Training in Tropical Diseases (TDR), among others [7] [8] [9] .
Chagas disease research and control programmes are included in both the portfolios of the Communicable Diseases Unit/PAHO (CD/PAHO) and TDR. TDR is an independent global programme fostering scientific collaboration [10] that was established in 1975 to address the need for new and improved tools for disease control, and for strengthening the research capacity of endemic countries [11] .
In 2001, in view of the achievements obtained in the reduction of the transmission of T. cruzi in the Southern Cone and the improvement of vector control activities in some countries of the Andean and the Central American Initiatives, TDR decided to transfer CIRP/PAHO/TDR to CD/PAHO [12, 13] . As a result, CD/PAHO also received the responsibility of managing the ongoing projects approved by TDR from 1997 to 2001. The first PAHO call for proposals was in 2002. One and a half million dollars to support research, training activities, and managerial issues were allotted for the 2002-2008 period.
To ensure that all research supported by CIRP/PAHO/TDR was conducted to the highest scientific level, a peer-review process was established, led by a multidisciplinary, multicountry, and gender-balanced Steering Committee (SC).
The evaluation of results achieved by a research programme is essential for formulating, reviewing, and improving institutional research policies aimed at ensuring the appropriate use of financial, human, and material resources and to promote strengthening and growth of an institution [14, 15] . In order to evaluate the research impact of CIRP/PAHO/TDR, we performed a scientometric analysis of its scientific and capacity-building achievements for the 1997-2007 period.
Material and Methods
The relevant projects for this analysis were identified through a database developed by PAHO that included information about investigators, home institutions, and key data from new, progress, renewal, and final scientific reports to TDR. In addition, relevant data used for the scientometric analysis were retrieved from the following specific sources:
Scientific Reports
Applicable data were extracted from the projects' scientific reports approved by the TDR Task Force from 1997 to 2001 and by the SC of CIRP/PAHO/TDR from 2002 to 2007. The scientific reports contained the main scientific contributions, publications, training, and patents derived from the research projects for the reporting period.
Publications Databases
Two databases were searched for the scientific production on Chagas disease research for the 1997-2010 period: PubMed (http:// www.pubmed.com) and LILACS (http://lilacs.bvsalud.org/en/).
We searched for articles published in English, Portuguese, and Spanish that presented results of studies granted by CIRP/PAHO/ TDR. The search terms used were the principal investigator (PI) name and the keywords related to the research subject. The number of citations of each article was obtained from a search in the Web of Knowledge databases. The five-year impact factor and the ISSN of each scientific journal were extracted from the Journal Citation Reports of the Web of Knowledge.
We also searched PubMed using the term ''triatom*'' in order to determine the ratio of publications derived from projects granted by CIRP/PAHO/TDR to the overall Chagas disease scientific production.
In-Depth Survey
Each PI filled a structured questionnaire to provide additional information on the publications (articles published in scientific journals, meetings proceedings, books, or book chapters; abstracts or expanded meetings abstracts; and texts in newspapers or magazines) related to the projects granted by the CIRP/PAHO/ TDR. The questionnaire included additional questions about technical assistance (technical consultations and reports for governmental health authorities), extension activities (community workshops or other activities involving schools, communities, or health agencies, dissemination materials such as promotional materials, booklets, CDs/DVDs, radio and TV programmes, websites, etc.), and individual and institutional capacity building (graduation, specialization, Master and Ph.D. degrees, postdoctoral fellowships, and capacity-building or training activities).
Results

Scientific Reports Analysis
A total of 73 projects were included in the present study The 73 projects were coordinated by 58 PIs from 18 Latin American and European countries (Figure 1 ). The highest number of projects carried out by one single PI was five. PIs of 59% (n = 43) of the projects were male, and 41% (n = 30) were female. Six countries (Argentina, Mexico, Colombia, Ecuador, Brazil, and France) had both male and female PIs, four (Guatemala, Paraguay, Venezuela, and Uruguay) had only female PIs, and eight (Bolivia, Costa Rica, El Salvador, United Kingdom, Honduras, Panama, Peru, and Spain) had only male PIs.
The majority of the institutions involved (78%) were located in developing countries. However, notable asymmetry in the number of funded projects per country was noted, with 46% of the projects concentrated in 22% of the participating countries. Argentina had the highest number of PIs granted (n = 13), followed by Colombia (n = 8), and Brazil (n = 7). Argentina also had the highest number of papers published in indexed scientific journals (n = 39), followed by Brazil (n = 23), and France (n = 22) ( Figure 1 ). Universities obtained the highest number of granted projects (47%; n = 34), followed by governmental health institutions (34%; n = 25), research institutions (16%; n = 12), and nongovernmental organizations (3%; n = 2).
The main topics addressed by the funded projects included the origin of reinfestation; vector resistance to insecticides and the establishment of a Latin American network for studies on vector control; chemical control (e.g., substances as baits for trapping); cost-reduction/cost-effectiveness of insecticide interventions for control; risk maps and entomological surveillance; habitat suitability predictions; influence of sylvatic and peridomestic triatomines in domestic transmission; genetic and phenetic markers; population structure; primers design; validation of new criteria of cure; seroprevalence studies in children, blood banks, and general population; transmission mechanisms of T. cruzi; nonconventional flow-cytometric approaches; and a virtual atlas of Mexican triatomines. A total of 59 projects involved at least one vector in their studies, and the main triatomine species studied are shown in Figure 2 .
Publication Databases Search
The CIRP/PAHO/TDR projects yielded 126 scientific articles and five book chapters, totaling 131 contributions published from 1997 to 2010. The average number of papers per year was one from 1997 to 1999 (n = 3) and 11 from 2000 to 2010 (n = 123). The highest and the lowest numbers of articles produced by a single project were 17 and one, respectively. The average time from the beginning of a project until the publication of the first related article was 3.4 years (range: one to eight years). The number of authors per article varied from one to 14, with an average of five coauthors per paper.
Of the 126 scientific articles, 120 were published by 31 PIs in 31 indexed journals of a total of 37, with an average five-year impact factor of 2.24 (Table 1 ). According to the of the Web of Knowledge databases, 84 of these 120 articles were cited in other articles, with an average of 38.3 citations (range: three to 125) per paper. The majority of the papers were written in English (n = 112; 88.9%), followed by Spanish (n = 8; 6.3%), and Portuguese (n = 6; 4.8%). No scientific production was related to 31 CIRP/PAHO/ TDR-funded projects (42.5%) involving 27 PIs. A summary of the results is shown in Table 2 .
The CIRP/PAHO/TDR projects yielded a mean of 1.8 scientific publications per project. Seventy-four (58.7%) of the scientific articles were coauthored by authors from different countries. The interaction among researchers was not high; 16 PIs of the 73 granted projects have some degree of synergetic collaboration.
A total of 1,487 papers were retrieved searching PubMed using the term ''triatom*.'' Of them, 915 (61.5%) were related to the research priorities of the CIRP/PAHO/TDR programme [13] . With this same search criterion, we retrieved a total of 117 papers derived from projects granted by CIRP/PAHO/TDR, accounting for 12.8% (117/915) of the total scientific publications for the study period. An increase in the number of published articles by The main language was English (n = 779), followed by Portuguese (n = 79), Spanish (n = 55), and French (n = 2); 68.5% (n = 627) of the published articles were concentrated in 19 journals, with Memorias do Instituto Oswaldo Cruz having the most published articles (n = 190) ( Table 3) . Table S1 shows examples of studies funded by CIRP/PAHO/ TDR summarizing their main result and their impact in Chagas control practice.
In-Depth Survey
Forty-seven of the 58 PIs could be contacted. Among them, 30 PIs (51.7%) of 41 projects (56%) (Figure 4 ) completed and returned the questionnaires.
The analysis of the questionnaires indicated that, on average, the scientific production per project was: 3.1 meeting abstracts (n = 125), 2.7 graduated and post-graduate students (n = 107), 0.4 technical reports (n = 17), and 0.7 extension activities (n = 27). In one single project, 750 health technicians were trained for carrying out entomo-epidemiological surveillance with the participation of the community. In addition, two patents were submitted related to CIRP/PAHO/TDR have organized and funded a series of training courses, including: a) Geographic Information Systems, spatial analysis and vector-borne diseases, with emphasis on Chagas disease (two courses with participants from ten countries of the Region); b) sampling and detection of sylvatic triatomines (two subregional courses, one in Bolivia and one in Guatemala with the participation of researchers and programme entomologists from South American countries and Central American countries and Mexico, respectively); c) evaluation of the cost-effectiveness of Chagas disease control interventions (two subregional courses, in Guatemala and Buenos Aires, respectively). In addition, the programme supported the organization of two meetings and the publication of their respective reports: a) decentralization and management of communicable diseases control in Latin America (http://www.paho.org/english/ad/dpc/cd/res-descentralizacion. pdf) and b) Scientific Working Group on Chagas Disease (http:// www.who.int/tdr/publications/tdr-research-publications/reporteenfermedad-chagas/en/index.html) (data not shown).
Discussion
A huge body of scientific evidence has been gathered since the discovery of Chagas disease in 1909. Research has played an important role in the history of the control of Chagas disease, allowing a decrease of vectorial and transfusional transmission, and an interruption of T. cruzi transmission in some areas of the Region of the Americas [7] , as well as the recognition of the limitations of interventions in some other areas [16] . Some of the research breakthroughs and control milestones were summarized in 1999 [7] and in a series of papers published during the celebration of the 100 th anniversary of the discovery of the disease [1, 2, 17] .
International organizations such as PAHO/WHO, JICA, CIDA, MSF, WV, CI, DNDi, EC-FP7 Programme, and ECLAT, among others, have played an important role in accompanying the Chagas control initiatives in the Region of the Americas, as well as in supporting key research for the control and interruption of transmission in many countries of the Region. CIRP/PAHO/ TDR has been one of many initiatives supporting research and capacity building in institutions of endemic countries that have permitted the acquisition of knowledge that contributed to the generation of evidence for vector control of Chagas disease [18] [19] [20] [21] , treatment of chronic Chagas disease [22, 23] , and standardization and validation of diagnostic techniques [24] [25] [26] , among others key research priorities.
During this period, the programme has supported 73 research projects on issues identified as research needs for Chagas disease control; they were carried out in endemic countries by researchers that in their majority were working in institutions located in these countries. These projects yielded 126 scientific articles published in peer-reviewed journals with a mean of 1.8 scientific publications per project. Most of the scientific publications originated from the Southern Cone countries, with Argentina and Brazil publishing, as expected, the highest number since they are countries with a high research production [27, 28] .
The main language of publication was English, followed by Portuguese and Spanish, the official languages of most endemic countries. Similar results were obtained by others authors using search terms such as ''Chagas disease'' or ''Trypanosoma cruzi'' [27] . Our findings indicate that 70% (88/126) of the articles related to projects granted by CIRP/PAHO/TDR were published in journals that have as main scope tropical medicine, public health, and parasitology/entomology (data not shown), the Brazilian journal ''Memorias do Instituto Oswaldo Cruz'' being the one with the highest number of articles published. In a previous analysis of publications about Chagas disease [27] , similar results were obtained.
In a previous bibliometric study of more than 850 articles and abstracts retrieved using the search term ''triatomine,'' it was shown that only 13% of them dealt with control/surveillance interventions (search term: ''Triatomin* AND control'') [29] , indicating that in general, and contrary to the expectations of most funding agencies, research efforts have little bearing on disease control. Using the same search criteria for the 1997-2008 period we found that 7.5% of the articles retrieved with the search term ''Triatomin*'') and 9.0% of those retrieved with ''Triatomin* AND control'' were derived from projects granted by CIRP/ PAHO/TDR, representing a very high proportion of the papers retrieved.
In addition, our data show that 64% of the 73 projects funded by CIRP/PAHO/TDR responded to the research needs and were focused, as Table S1 summarizes, on issues such as the epidemiological study of the impact of the control measures, the updating of information on the incidence of infection in young age groups, the entomological study of nondomiciliated triatomines, the genetics of vector populations, the generation of information on possible emergence of insecticide resistance and the establishment of a network for monitoring the resistance of vectors to insecticides, the cost-effectiveness of control strategies, or the validation and standardization of PCR as a diagnostic test and a marker of treatment results.
The available information indicates that CIRP/PAHO/TDR has had not only an impact in the production of knowledge valuable for the control programmes, but also a pivotal role in creating a critical mass of researchers in Chagas disease at country level, with an average per project of 2.7 graduated and postgraduate students (n = 107), 0.4 technical reports (n = 17), 0.7 extension activities (n = 27), and a high number of health technicians for carrying out the entomo-epidemiological surveillance with the participation of the community. Furthermore, the programme has supported training courses for researchers and capacity-building activities for the personnel of national control programmes and has promoted the collaboration between researchers and managers. Two workshops to standardize and validate cPCR [26] and qPCR as methods for Chagas disease diagnosis and surrogate markers of treatment results were also carried out (data not published). Networks of PIs working on surveillance of insecticides resistance as well as PCR have been created. In addition, the programme has supported research that generated the submission of patents related to chemical substances to be used as baits for trapping triatomines.
Most grantees reported being involved in other activities, including development of research proposals, teaching, supervision of doctoral and postdoctoral students, and serving in expert committees or as peer reviewers.
In 2005-2006, the structure and procedures of TDR were reviewed and restructured and a 2008-2013 plan including eleven business lines was established. The technical and scientific support for Chagas disease of CIRP/PAHO/TDR was included in this new plan, supporting the development and evaluation of improved and innovative vector control intervention such as communitybased ecosystem management for the prevention of Chagas disease among other vector-borne diseases, the continuation of the initiative to standardize and validate molecular markers, the evaluation of treatment, as well as individual and or institutional capacity building at the country level. These initiatives are still in place and have already yielded and are still yielding evidence that will have an impact on practice for Chagas disease [30] [31] [32] [33] [34] [35] [36] [37] .
In conclusion, the results of this evaluation yield evidence supporting that CIRP/PAHO/TDR research on Chagas disease has supported research that generated valuable evidence for prevention and control of Chagas disease. Chagas control initiatives have achieved important reductions in the incidence of Chagas disease in many Latin American countries. However, there are still areas producing new cases by oral transmission [38, 39] , by wild triatomines [40] , in areas where the control activities have been not successful [41] , and in areas with nondomiciliated transmission [42] , with many challenges ahead for the prevention and control of Chagas disease. These challenges include the need for new and/or improved drugs, diagnostics tools, vector research, eco-epidemiological studies, and integrated and sustainable control strategies, among others. Some of these needs are part of the actual TDR and PAHO research agenda.
We agree with Hotez et al. [43] that Chagas disease demands imperative attention from health policy makers to prioritize and develop a comprehensive strategy for surveillance, prevention, and control, for which more research and financial support are needed, both being crucial to address the unfinished agenda. N CIRP/PAHO/TDR has contributed to the control of Chagas disease by supporting research of knowledge gaps and priority needs and training activities for the scientific and nonscientific community.
Supporting Information
N The need of better diagnostic tools, including biomarkers for assessing treatment efficacy, and safe treatments, as well as the development of an integrated vector control strategy make a compelling case to complete the unfinished research agenda.
N Funding and political will is needed to sustain this work and achieve success in the challenges ahead.
Box 2. Top 5 Papers
